Objectives: Among patients with HIV, the risk of death associated with different AIDS events has been quantified, but the risk of death associated with non-AIDS events has not been examined. We compared the risk of all-cause mortality following AIDS versus serious non-AIDS (SNA) events in the Strategies for Management of Antiretroviral Therapy (SMART) study and the Evaluation of Subcutaneous Proleukin in a Randomized International Trial (ESPRIT).
Introduction
There is emerging evidence that HIV increases the risk of serious events other than AIDS, such as cardiovascular, renal, and hepatic events and malignancies [1] , and the incidence of these events appears higher than that of AIDS events at higher CD4 þ cell counts [2, 3] .
Although several studies have examined the risk of death following different AIDS-related events [4] [5] [6] [7] [8] [9] , the risk of death following different serious non-AIDS (SNA) events in HIV-infected persons has not been studied nor has the relative impact of AIDS and non-AIDS events in terms of subsequent mortality been reported. Such information would be useful for targeting specific interventions and for prioritizing future research.
We used data from two large international randomized clinical trials in HIV-infected patients with high CD4 þ cell counts, the Strategies for Management of Anti-Retroviral Therapy (SMART) trial, and the Evaluation of Subcutaneous Proleukin in a Randomized International Trial (ESPRIT) to examine the risk of all-cause mortality after experiencing AIDS and SNA events. AIDS events were further categorized as serious and nonserious based on earlier work [4] ; non-AIDS events were subdivided as cardiovascular, renal, hepatic, or malignancies. We hypothesized that the risk of death differed following AIDS versus non-AIDS events and that this risk also varied by type of AIDS and non-AIDS events.
Methods

Study population
The design, methods, and results of the SMART study have been published [10, 11] . A total of 5472 participants with CD4 þ cell count more than 350 cells/ml were randomized to either CD4 þ cell count guided episodic use of antiretroviral therapy (ART) [ The design, methods, and results of ESPRIT have also been reported [12, 13] . A total of 4111 participants with a CD4 þ cell count 300 cells/ml or more were included in the analysis cohort and were randomized to interleukin-2 (IL-2) plus continuous ARTor to continuous ART alone. Median (IQR) follow-up was 6.8 (5.7-7.6) years.
In both SMART and ESPRIT, local practice guidelines were consulted for use of preventive treatments for opportunistic diseases and for SNA conditions. Likewise, the treatment of these conditions was not directed by either protocol and was managed according to local clinical guidelines.
Events
A medical history was obtained prior to randomization for participants in both SMART and ESPRIT. A history of AIDS events, hepatic events, and cardiovascular disease (CVD) events was collected in both studies. History of non-AIDS cancers and renal disease was only available for SMART participants. Due to the use of IL-2, inclusion and exclusion criteria were more restrictive in ESPRIT than in SMARTwith respect to past events. For example, in ESPRIT, patients were required to not have evidence of active clinical disease for at least 1 year for any AIDS condition. In addition, patients with malignancies who were taking cytoxic chemotherapy were not eligible.
AIDS events (henceforth called AIDS) were defined in SMART [10] and ESPRIT [13] according to the revised clinical case definition for AIDS published by the Centers for Disease Control and Prevention [14] , as well as additional conditions related to immunodeficiency. Serious AIDS events that were prespecified in each protocol were progressive multifocal leukoencephalopathy, lymphoma, visceral Kaposi's sarcoma, AIDS dementia complex, toxoplasmosis, histoplasmosis, cryptococcosis, Mycobacterium avium complex disease, wasting syndrome, and cytomegalovirus disease [4] .
SNA events included major CVD events: myocardial infarction (MI), stroke, or coronary artery disease (CAD) requiring an invasive procedure; end-stage renal disease (ESRD); decompensated cirrhosis; and all non-AIDSdefining malignancies, excluding nonmelanomatous skin cancers.
Multiple events of a given type were not included. AIDS and SNA events were considered if the participant survived at least 1 day after diagnosis. One fatal (survival <1 day) AIDS and 11 fatal non-AIDS events occurred and were not included in the AIDS and SNA event categories. For both studies, all AIDS and SNA events and deaths were reviewed by a Clinical Events Committee, blinded to treatment group. Underlying cause of death was classified using the system of the Coding of Death in HIV Project [15] .
Statistical analysis
Cox proportional hazards models, stratified by study and treatment group, were used to examine predictors for AIDS and SNA events including the following covariates: age, sex, race, BMI, blood pressure medication, lipidlowering medication, hepatitis co-infection, nadir CD4 þ cell count, prior SNA, prior AIDS, and time-updated CD4 þ cell count and HIV-RNA (500 versus >500 copies/ml).
Cox models for survival (with date of randomization as time zero) that included an indicator for the event of interest as a time-updated covariate were used to assess the effect of AIDS or SNA event on the risk of death. For example, when assessing the risk of an AIDS event on subsequent mortality, a variable representing AIDS took a value of 0 before the event and 1 thereafter for participants who experienced an AIDS event; participants who did not experience an AIDS event took a value of 0 throughout follow-up. These models were stratified by study and treatment group. Adjusted Cox models included age, sex, race, baseline CD4 þ cell count, nadir CD4 þ cell count, baseline HIV-RNA (500 versus >500 copies/ml), and time-updated CD4 þ count and HIV-RNA (500 versus >500 copies/ml). To examine whether the risk of death following an AIDS or SNA event varied by study or treatment group within study, expanded Cox models were considered with interaction terms. To assess whether the increased risk of death for SNA versus AIDS varied by time period after the event, hazard ratios for death associated with SNA and AIDS were calculated for the first 6 months and for after 6 months following the diagnosis of the event by including time-updated covariates for the two periods. Selected analyses were also considered after excluding those with a history of AIDS or SNA at study entry.
Among those who experienced AIDS and SNA events, Kaplan-Meier estimates of the cumulative percentage dead at 6 and 12 months after AIDS and SNA events were determined. The time from the first AIDS and first SNA event until death was depicted using a Kaplan-Meier plot. Predictors of mortality following an event were examined using Cox models (with the date of the event as time zero) stratified by study and treatment group. Covariates considered for mortality following an AIDS event were age, sex, race, BMI, nadir CD4 þ cell count, AIDS or non-AIDS event prior to study entry, and CD4 þ cell count and HIV-RNA prior to nonfatal event. An additional multivariate model was assessed adding an indicator for whether or not the AIDS event met the serious definition. For mortality following an SNA event, baseline diabetes, hepatitis B or C co-infection, use of lipid-lowering medication and use of blood pressure medication were considered in addition to the covariates considered for AIDS. Smoking status was available for SMART participants but not for ESPRIT participants. Thus, an analysis examining predictors for mortality following SNA events for only SMART participants, including smoking status in addition to the covariates listed above, was also carried out.
Statistical analyses were performed using SAS, version 9.1 (Cary, North Carolina, USA). All reported P values are two-sided.
Role of the funding source SMART and ESPRIT were funded by the National Institute of Allergy and Infections Disease. As members of the International Network for Strategic Initiative in Global HIV Trials Executive Committee, funding source staff participated in the review of the paper but were not part of the writing group.
Results
Demographic and HIV disease characteristics
As previously reported [10, 13] , median CD4 þ cell count levels at study entry for SMART and ESPRIT were 597 and 457, respectively. The percentage with HIV-RNA 500 or less was 72.6 for SMART and 79.7 for ESPRIT. Eighty-four percent of participants in SMART were on ART at study entry and all ESPRIT participants were required to be on or initiating ART at the time of randomization. Median time since first taking ART was 6.0 years for SMART and 4.2 years for ESPRIT.
Overall, 12% of participants had BMI levels of 30 kg/m 2 or greater. Forty percent of SMART participants were current smokers and 42% had cholesterol levels of 200 or greater at study entry (these data were not collected in ESPRIT). Table 1 shows baseline characteristics and latest CD4 þ cell count and HIV-RNA levels by nonfatal event status. AIDS events occurred in 286 participants (158 in SMART and 128 in ESPRIT) at a rate of 0.7 per 100 person-years. SNA events occurred in 435 participants (205 in SMART and 230 in ESPRIT) at a rate of 1.0 per 100 person-years. Median (IQR) months from randomization to AIDS was 20 for SMARTand 36 (20-62) for ESPRIT for those who experienced an event. Median (IQR) months from randomization to SNA event was 17 (9-31) for SMART and 45 (23-65) for ESPRIT. Median (IQR) follow-up time following AIDS and SNA events was 17 (7-28) months for SMART and 31 (11-57) months for ESPRIT. Independent predictors for AIDS events included older age (P ¼ 0.0007), history of AIDS (P < 0.0001), lower latest CD4 þ cell count (P < 0.0001), and latest HIV-RNA more than 500 (P < 0.0001). Independent predictors associated with SNA event included older age (P < 0.0001), male sex (P ¼ 0.0006), use of blood pressure medication (P ¼ 0.009), use of lipidlowering medication (P ¼ 0.02), nadir CD4 þ cell count (P ¼ 0.05), history of SNA (P ¼ 0.03), and latest HIV-RNA more than 500 (P ¼ 0.03).
Twenty-eight percent of participants experiencing an AIDS event had latest CD4 þ cell count levels lower than 250 cells/ml compared with 9% for those with an SNA event. Median (IQR) days from latest CD4 þ cell count to event was 43 (20-77) for AIDS and 48 (22-74) for SNA. Participants who experienced an AIDS event, an SNA event and no event spent 12, 4, and 2% of follow-up time with CD4 þ cell count levels less than 250 and 55, 76 and 76% of follow-up time with HIV-RNA levels less than or equal to 500, respectively. Six-month and 12-month cumulative mortality after experiencing an AIDS event were 4.7% (95% CI 2.8-8.0) and 11.1% (95% CI 7.9-15.7), respectively. These percentages were greater after experiencing an SNA event; 13.4% (95% CI 10.5-17.0) and 19.0% (95% CI 15.5-23.2) for 6-month and 12 month estimates ( Table 2 and Fig. 1 ), respectively. Mortality following SNA events was highest for hepatic events, renal events, and malignancies with 12-month estimates of 39.7, 32.7, and 29.5%, respectively ( Table 2 ). The most common non-AIDS malignancy was lung cancer for which 12month mortality was 61.2%. The Kaplan-Meier plot (Fig. 1) shows a significantly higher risk of death following SNA events in comparison to the risk following AIDS events (log-rank 11.86; P ¼ 0.0006).
The univariate hazard ratio for all-cause mortality for those who experienced an AIDS event versus those who did not was 7.4 (95% CI 5.4-10.1). The corresponding unadjusted hazard ratio for SNA events was 17.6 (95% CI 14.0-22.2). After adjusting for baseline covariates and latest CD4 þ cell count and HIV-RNA, hazard ratios for death for those who experienced AIDS and SNA events were 4.9 (95% CI 3.6-6.8) and 11.4 (95% CI 9.0-14.5), respectively (P < 0.001 for difference in hazard ratios) ( Fig. 2a and  b ). Results were consistent across studies and P values for tests for homogeneity across treatment groups for SMART, ESPRIT, and SMART/ESPRIT combined were 0.77, 0.57, and 0.93 for AIDS events and 0.49, 0.10, and 0.25 for SNA events, respectively. Risk of death was greater in the early follow-up period after SNA events. For example, in the first 2 months following an SNA event, the risk of death was 40.8 (95% CI 27.0-61.5). By 6 months, this hazard ratio was 27.6 (95% CI 20.3-37.5), and after 6 months, it was 7.1 (95% CI 5.3-9.6). The hazard ratios for death in the first 6 months following AIDS and afterwards were 5.8 (95% CI 3.3-10.2) and 4.6 (95% CI 3.2-6.7), respectively. During the first 6 months following a nonfatal event, the risk of death was significantly greater for SNA than for AIDS (P < 0.0001). This difference was not seen after the first 6 months (P ¼ 0.49).
Death following AIDS and non-AIDS events Neuhaus et al. 701 (Fig. 3) . The adjusted hazard ratio for death associated with lung cancer was 22.9 (95% CI 13.8-37.8). Risk of death also varied according to type of AIDS events. The adjusted hazard ratio for death following serious AIDS events was 10.8 (95% CI 7.3-16.1); for all other AIDS events, it was 3.1 (95% CI 2.0-4.7).
Results were similar when excluding participants with a history of AIDS or SNA events prior to randomization. When excluding participants with a history of an AIDS event, the adjusted hazard ratio for death associated with AIDS events during follow-up was 6.0 (95% CI 4.0-8.9 
Discussion
The number of participants who experienced SNA events in the SMART and ESPRIT studies exceeded those who experienced AIDS events by almost 50% (435 versus 286 events). As compared to participants who did not develop such an event, the risk of death following SNA events was twice as high compared with AIDS events. This difference in mortality risk for the different types of events was apparent early on and was maintained throughout the follow-up period. This is consistent with other studies that have shown that, in the era of combination antiretroviral therapy, SNA events dominate morbidity at high CD4 þ cell counts [2, 16, 17] and may even occur more frequently than AIDS events in individuals with advanced HIV [18] . Additionally, the majority of deaths in HIV-infected persons are now due to non-AIDS causes [19] [20] [21] . In this study, the median CD4 þ cell counts prior to AIDS and SNA events were 356 cells/ml (IQR 227-540) and 518 cells/ml (IQR 360-727), respectively.
As noted in other studies [9] , we found that not all AIDS events were associated with the same risk of death. The hazard ratio for death following serious AIDS events, events which were associated with a higher risk of death before the availability of HAART [4] , was 10.8 compared to 3.1 for all other AIDS events. Recent studies have reported that the risk of death following non-Hodgkin's lymphoma is particularly high [9, 22] . In our study, 64% of the serious AIDS events were lymphomas (of any type), which resulted in a hazard ratio for death of 9.5.
SNA events were shown to be not only more frequent but also related to significantly higher mortality than AIDS events. Most of the SNA events in SMART and ESPRIT were CVD and cancer, with substantially fewer renal and hepatic events. Preventing SNA events in some patients may be clinically possible [23] . Prevention of CVD is important, as it remains the most common SNA event and contributes significantly to all-cause mortality.
Decreasing modifiable CVD risk factors could thus have an impact on mortality in HIV-infected individuals. Additionally, it has been shown that HIV-infected patients are as likely to achieve conventional risk factor treatment goals, such as normalizing blood pressure or lipid levels, as HIV-uninfected patients [24] . The risk of death after experiencing a CVD event did not increase substantially after the first 6 months following the event. This is similar to reports in the general population in which the risk of death following CVD events was greatest in the early period after hospitalization with such an event [25, 26] .
Along with CVD, malignancies were the other most common type of SNA events in this analysis and contributed substantially to all-cause mortality. It has been shown that for some non-AIDS-defining malignancies there might be a benefit in routine screening [27] . Despite this, HIV-infected patients are not always undergoing the same routine cancer screening tests as the general population [28] . In addition, there are major risk factors, such as hepatitis C virus (HCV) and hepatitis B virus (HBV) infection, tobacco smoking, or heavy alcohol consumption, which may contribute to specific non-AIDS malignances and can be addressed in clinical practice [29] . In our study, lung cancer and prostate cancer were the most common cancers and mortality risk for these varied considerably, a finding consistent with data from the general population [25, 26, [30] [31] [32] .
In our study, older age, diabetes, and co-infection with HBV or HCV were independent predictors for death following a non-AIDS event. This finding, along with prior information that patients with diabetes are at an increased risk of death following MI [33] and cancer [34] events in the general population, emphasizes the importance of identifying and properly managing patients with diabetes and other risk factors in order to prevent the occurrence of nonfatal events as well as to increase survival following these events. In contrast to the findings with AIDS events, latest CD4 þ cell count was not an independent predictor for death following a non-AIDS event in our study. This may be due to the fact that these events occurred at higher CD4 þ cell counts and that most of the follow-up time was spent at relatively high CD4 þ cell counts.
Excluding participants with a history of nonfatal events at enrollment into SMART and ESPRIT did not change our results. Both studies enrolled relatively healthy participants with high CD4 þ cell count levels and patients were not permitted to enroll in ESPRIT if there was any evidence of active clinical disease within the year prior to randomization. AIDS and SNA events experienced prior to enrollment most likely occurred long enough before enrollment into SMART and ESPRIT to allow participants to recover from the nonfatal event, attenuating the impact of any disease that occurred prior to enrollment.
The prevalence of risk factors, such as smoking, obesity, and elevated cholesterol levels, for the development of SNA events is high in our cohort and this has been noted in other HIV studies [35] . A recent report found that mortality among patients who start ART, survive the first 6 months, and achieve an HIV-RNA level less than or equal to 500 copies/ml and CD4 þ cell count 350 cells/ml or more is modestly higher than in the general population [36] . The higher mortality may be due to these other risk factors. This highlights the importance of smoking cessation and the management of other modifiable risk factors.
There are some limitations to this study. We studied HIVinfected participants with higher CD4 þ cell counts who met eligibility criteria for the randomized trials. Although both trials had broad inclusion criteria, participants who developed events may have been healthier than a random sample of HIV-infected participants. Another limitation was that smoking status was not collected in ESPRIT and hepatitis status and use of lipid-lowering and blood pressure-lowering drugs was not available for all ESPRIT participants.
In summary, by pooling results form two large studies in nearly 10 000 HIV-infected patients with carefully documented and adjudicated AIDS and SNA events, we have shown that the risk of death is greater following SNA than after AIDS events. This finding is important given the much greater frequency of SNA than that of AIDS events. Further, the risk of death varies by type of AIDS and SNA event. These results have implications for defining major outcomes in clinical studies and for setting priorities for the development and evaluation of interventions to reduce morbidity and mortality among patients infected with HIV. 
